We report the first detection and high angular resolution (1.8 × 1.1 ) imaging of acetic acid (CH 3 COOH) and gGg -ethylene glycol (gGg (CH 2 OH) 2 ) towards the Orion Kleinmann-Low nebula. The observations were carried out at ∼1.3mm with ALMA during the Cycle 2. A notable result is that the spatial distribution of the acetic acid and ethylene glycol emission differs from that of the other O-bearing molecules within Orion-KL. Indeed, while the typical emission of O-bearing species harbors a morphology associated with a "V-shape" linking the Hot Core region to the Compact Ridge (with an extension towards the BN object), that of acetic acid and ethylene glycol mainly peaks at about 2 southwest from the hot core region (near sources I and n). We find that the measured CH 3 COOH:aGg (CH 2 OH) 2 and CH 3 COOH:gGg (CH 2 OH) 2 ratios differ from the ones measured towards the low-mass protostar IRAS 16293-2422 by more than one order of magnitude. Our best hypothesis to explain these findings is that CH 3 COOH, aGg (CH 2 OH) 2 and gGg (CH 2 OH) 2 are formed on the icy-surface of grains and then released into the gas-phase, via co-desorption with water, due to a bullet of matter ejected during the explosive event that occurred in the heart of the Nebula about 500-700 years ago.
Introduction
The Orion Kleinmann-Low nebula (hereafter Orion-KL) is the closest high mass-star forming region (388±5 pc, Kounkel et al. 2017) . Its proximity and rich molecular composition make this region well-suited for astrochemical study. In this context, numerous single-dish surveys, including the broadband Herschel/HIFI HEXOS survey (Bergin et al. 2010; Crockett et al. 2014) , as well as interferometric observations have been performed towards this region (e.g. Favre et al. 2015; Pagani et al. 2017 , and references therein). It is important to note that two main molecular components are associated with Orion-KL: the Compact Ridge and the Hot Core. The latter region may have resulted from interaction of the surrounding gas with remnants of the explosive event -triggered by the close encounter of the sources I, n and the BN object -that occurred in the region about 500-700 years ago (e.g. see, Zapata et al. 2011; Nissen et al. This paper makes use of the following ALMA data: ADS/JAO.ALMA#2013.1.00533.S . ALMA is a partnership of ESO (representing its member states), NSF (USA) and NINS (Japan), together with NRC (Canada), NSC and ASIAA (Taiwan), and KASI (Republic of Korea), in cooperation with the Republic of Chile. The Joint ALMA Observatory is operated by ESO, AUI/NRAO and NAOJ. 2012, and references therein). Thus, the complex physical structure and history make Orion-KL an interesting source -that may not be representative of other high-mass star forming regions -to study the production route (at the icy surface of grains and/or in the gas phase) of complex organic molecules (i.e. molecules that contain six or more atomes, including carbon, hereafter COMs, see Herbst & van Dishoeck 2009) . Although present in other star-forming regions, some COMs have not yet been detected in Orion-KL This mainly results from sensitivity limitation and a high spectral confusion level (e.g. see, Tercero et al. 2010) . High resolution and sensitivity, as offered by ALMA, are thus mandatory to search for weak lines associated with COMs. In that context, we have used ALMA during Cycle 2 to perform deep observations of this region in a fraction of band 6 (≈ 1-2 mm).
Our ALMA-Cycle 2 data and first results are given in a companion paper by Pagani et al. (2017, hereafter Paper I) . In this Letter, we focus on acetic acid (CH 3 COOH) and the gGg conformer of ethylene glycol (gGg (CH 2 OH) 2 ) and report their first detection in Orion-KL. The detection of acetic acid in Orion-KL has not yet been reported, although a few transitions may be present in the IRAM 30m survey by Tercero et al. (2011) . How- −2 Jy beam −1 km s −1 ). A narrow v LSR interval (from 7 to 9 km/s) has been selected to reduce confusion by nearby lines (see Section 3.3 and Appendix C). Positions of the radio source I, the BN object and the IR source n (see Goddi et al. 2011) ever, this species is known to be present in low-mass and highmass star forming regions (e.g. Remijan et al. 2003; Shiao et al. 2010; Jørgensen et al. 2016) . Regarding gGg -Ethylene glycol, this conformer has only been detected toward the Class 0 protostar IRAS 16293-2422 by Jørgensen et al. (2016) . Incidentally, the most stable conformer of ethylene glycol (aGg ) is detected towards low-mass, intermediate-mass and high-mass sources, including Orion-KL (see e.g. Fuente et al. 2014; Lykke et al. 2015; Brouillet et al. 2015; Rivilla et al. 2017 , and references therein). In Section 2 we briefly describe our ALMA observations. Results and analysis are given and discussed in Sections 3 and 4, respectively. 
Observations and data reduction

Data analysis and results
Acetic acid and Ethylene glycol molecular frequencies
We used the spectroscopic data parameters from Ilyushin et al. (2008) and Ilyushin et al. (2013) for acetic acid, with the following line selection criteria: Einstein spontaneous emission coefficient A ij ≥ 5×10 −5 s −1 and upper level energy E up ≤ 400 K. For the partition function we adopt the complete rotational-torsionalvibrational partition function given by Calcutt, Woods, Carvajal et al. (to be submitted to MNRAS).
For both ethylene glycol conformers we used the spectroscopic data parameters from Christen & Müller (2003) and Müller & Christen (2004) that are available from the Cologne Database for Molecular Spectroscopy catalog (CDMS, Müller et al. 2005 ). More specifically, we searched for transitions up to E up 400 K, and A ij ≥ 1×10 −4 s −1 . The energy difference between the two conformers is about 200 cm −1 , the more stable conformer being the aGg -ethylene Glycol (Müller & Christen 2004) . Further details about the difference between the aGg and the gGg conformer can be found in Brouillet et al. (2015, hereafter BD15) .
LTE Modeling
Our analysis is based on the assumption that local thermodynamic equilibrium (LTE) is reached. This assumption is reasonable given that LTE modeling of a thousand emissive transitions assigned to simple and complex molecules fits well the HIFI/Herschel observations performed towards Orion-KL (see Crockett et al. 2014 ). In addition, we assume that all the species emit at the same rotational temperature within the same source size. We use the CLASS extension WEEDS (Maret et al. 2011) to model the acetic acid and ethylene glycol (both aGg and gGg conformer) emission, that we assume to be optically thin. We used the values derived for aGg (CH 2 OH) 2 by BD15 as input parameter to initialize our models.
Emission map
The CH 3 COOH, aGg (CH 2 OH) 2 and gGg (CH 2 OH) 2 emission maps integrated over the line profile are shown in Figure 1 . The nominal velocity of Orion-KL is v LSR =7.6 km s −1 . It is important to note that the northwest extension seen in the acetic acid emission map is due to contamination by a U-line (see Appendix C) and is not related to the acetic acid emission. Indeed, although we use a restricted v LSR interval to produce the maps, confusion still dominate the region (Paper I).
A salient result is that the distribution of the emission associated with these molecules is similar within the beam and the main emission peak is located about 2 southwest of the hot core, near both radio source I and IR source n. This peak corresponds to the "Ethylene Glycol Peak" (hereafter EGP) identi- conformer. An outstanding result is that, as for the aGg (CH 2 OH) 2 molecule (BD15), the distribution of the emission associated with the acetic acid and the gGg -ethylene glycol conformer differs from that of typical O-bearing species within Orion-KL. Indeed, the emission of the targeted species appears to come from a compact source in the vicinity of the Hot Core region while the emission associated with O-bearing molecules, such as methyl formate (e.g. see Favre et al. 2011 , and Appendix D), is generally described by an extended V-shape within Orion-KL linking the Hot Core component to the Compact Ridge region and extending towards the BN object (e.g., Guélin et al. 2008 ).
Spectra
Spectra of a sample of the most intense transitions (i.e. emitting above the 5σ level) of acetic acid (15 transitions from E up =70 K up to 318 K, including 5 unblended), aGg ethylene glycol (50 transitions from E up =111 K up to 266 K, including 19 unblended) and gGg ethylene glycol (22 transitions from E up =102 K up to 216 K, including 5 unblended) towards the EGP region are displayed in Figs 2, 3 and 4, respectively. In addition, our best "by eye" WEEDS fits together with the sum of the modeled emission from all the other species in the region (Paper I) are also overlaid in these figures. Tables B.1, B.2 and B.3 in Appendix B, list the spectroscopic line parameters for the displayed acetic acid, aGg -ethylene glycol and gGg -ethylene glycol transitions, respectively. The bulk of the emission associated with the targeted molecules peaks at about 7.8-7.9 km s −1 . Nonetheless, all the line profiles display an extended blue-shifted wing. Thus, two velocity components, one around 8 km s −1 and the other one at about 5 km s −1 , are required to fit the emission. The model parameters that best reproduce the ALMA observations of acetic acid and ethylene glycol (both conformers) in the direction of the EGP region are summarized in Table 1 . In the present analysis we assume an overall uncertainty in the range 30%-40%. Table 1 gives the derived CH 3 COOH, aGg (CH 2 OH) 2 and gGg (CH 2 OH) 2 peak column densities assuming a source size of 3 for each velocity component. We note that our best aGg (CH 2 OH) 2 fit result (v, ∆ v , T rot and N) is consistent within the uncertainties (∼30%-40%) with the value reported by BD15. Table 2 lists the relative abundance ratios for acetic acid and ethylene glycol derived from our best model results (see Table 1 ) towards both velocity components observed in direction of the EGP peak. The derived abundance ratios are equal within the error bars for both velocity components. It is important to note that BD15 reported an upper limit on the aGg (CH 2 OH) 2 /gGg (CH 2 OH) 2 ratio of 5. This discrepancy apparently results from an underestimate of the limit on the gGg (CH 2 OH) 2 column density by BD15. 
Column densities and Relative abundances
Discussion
In Figure 5 , we show the relative abundance ratios, CH 3 COOH:aGg (CH 2 OH) 2 :gGg (CH 2 OH) 2 , derived in this study along with the ones derived towards the low-mass protostar IRAS 16293-2422 by Jørgensen et al. (2016) . It is immediately apparent that the CH 3 COOH:(CH 2 OH) 2 ratios measured in direction of Orion-KL are larger than those of the low-mass protostar IRAS 16293-2422 by over an order of magnitude. Also, we note that the aGg (CH 2 OH) 2 :gGg (CH 2 OH) 2 ratio seems to be, within the error bars, the same for both regions. The fact that Jørgensen et al. (2016) assumed different rotational temperatures for the two conformers to estimate this ratio might explain the slight difference. Lykke et al. (2015) have shown that the source luminosities are likely correlated with relative abundances of complex organic molecules. These findings lead one to ask whether and how the physical conditions in these regions, in particular Orion-KL, impact the production and the possible release to the gas-phase, of these species. Both CH 3 COOH and (CH 2 OH) 2 are believed to mainly be formed on the icy-surface of grains, although gas-phase formation routes cannot be ruled out (see e.g. Laas et al. 2011; Rivilla et al. 2017) . Interestingly enough, Garrod et al. (2008) have shown that ethylene glycol is produced more efficiently in grain mantles in comparison to acetic acid by at least one order of magnitude. This naturally explains the observation that the abundance ratio CH 3 COOH/(CH 2 OH) 2 is lower in low-mass star forming regions. However, regarding Orion-KL, an additional mechanism is required to explain the over abundance of CH 3 COOH. It is noteworthy that Wright & Plambeck (2017) have recently proposed that a bullet of matter ejected during the explosive event that occurred ∼500-700 years ago (Nissen et al. 2012) has impacted the EGP region. More specifically, using high angular resolution ALMA observations, Wright & Plambeck (2017) have reported the presence of a molecular ring in HC 3 N, HCN and SO 2 which is not associated with continuum emission. In that context, it is important to note that the distribution of the acetic acid and ethylene glycol is co-spatial with this ring (Figure E.1 in Appendix E). In addition, both acetic acid and ethylene glycol line profiles present a blue-shifted emission wing (i.e. the 5 km s −1 velocity component), this specific asymmetric line profile being also observed for other molecules in this region (e.g. methanol, formic acid, Paper I). These findings strongly suggest that this region is peculiar and is different from other star-forming regions. Indeed, the impact that took place here has led to the release of icy COMs in the gas-phase, generating the observed gas motions together with a rich molecular composition that may reflect gas-phase chemistry in an induced shock/post-shock stage. 
